The current study completed the information regarding the phenotypic variability in the Danube ruffe (Gymnocephalus baloni). We also assessed the phylogenetic relationship of G. baloni with the other two species of the genus Gymnocephalus from the Lower Danube River.
INTRODUCTION
The highly diversified and complex Lower Danube River area geoecosystems, generated in time and space by a unique mixture of biotopes and biocoenosis, has formed a highly dynamic and extremely rich fish fauna (e.g. there are 137 fish species only in the Danube Delta) (Antipa, 1909; Bănărescu, 1964; Bănărescu and Bănăduc, 2007; Bănăduc et al., 2016) .
However, no publications are known to us to describe the phenotypic variability of populations from the Romanian Danube River basin.
The main aim of our research was to analyse the morphometric features of G. baloni from the targeted area and compare them with data published by other authors in recent years, regarding the fish populations from the Danube River basin (Bănărescu, 1964; Holčík and Hensel, 1974; Specziár and Vida, 1995; Kottelat and Freyhof, 2007; Geiger and Schliewen, 2010;  Stepien and Haponski, 2015; Tsyba and Kokodiy, 2017) .
The intra-and inter-population morphological variations in fish are put in evidence by several authors (Karakousis et al., 1991; Wimberger, 1992; Turan, 1999; Shao et al., 2007) . Various references sustain the habitat-associated morphological divergence as a common pattern in fish (Foster et al., 2015) .
The morphological characters for reliable discrimination between two of these sympatric species are also analysed in our study. An analysis of phenotypic variation in morphometric or meristic characters is the method most commonly used for fish population delineation (Karakousis et al., 1991; Shao et al., 2007; Samaradivakara et al., 2012) . This approach is still commonly used in fish biology, taxonomic studies and assessment of the relationship between various taxa (Turan, 1999) , despite the development of molecular techniques (Shao et al., 2007) .
Another goal of our research was to analyse the phylogenetic relationship between the sister taxa G. cernua and G. baloni from the targeted area. Although there is a strong similarity between G. baloni and G. cernua and a clear discrimination of these two species from G. schraetser (with more hydrodynamic shape of the body and also specific colour features), there are still different opinions expressed in the studies of last decades, regarding their phylogenetic relationship (Specziár and Vida, 1995; Geiger and Schliewen, 2010) .
Thus, the first taxonomical description of G. baloni by Holčík and Hensel (1974) allowed the authors to identify a closer relationship between G. baloni and G. cernua, placing them in the same subgenus, Acerina, while the remaining two elongated species (G. schraetser and G. acerina) are placed in the subgenus Gymnocephalus. Later, Geiger and Schliewen (2010), using genetic techniques, have questioned the phylogenetic position of G. schraetser within the genus Gymnocephalus, while the new results of Stepien and Haponski (2015) , based on molecular data, have suggested a sister -taxa relation between G. baloni and G. schraetser.
MATERIAL AND METHODS
The morphometric data are from a total of 49 fish specimens in the Lower Danube River area, of them: 12 specimens of the Danube ruffe, G. baloni, and 16 specimens of the striped ruffe, G. schraetser were sampled near the confluences of the Danube River with the rivers Prut and Siret at Galați City (sea mile 80-76 from Black Sea) while 21 specimens of the widespread ruffe, G. cernua were sampled at Brateş fish farm pond (Galați County), which has a Danube River water supply. The random sampling of studied fish specimens occurred in 2015, between June and October. Specimen collection was performed using hookandline method.
All collected specimens were fixed in 10% formalin at the site of collection and transported to the laboratory.
A CANON A590 IS camera is used to take digital pictures of the left side of each fish individual. Bănărescu (1964) and Holčík and Hensel (1974) describe a total of 18 morphometric measurements ( Fig. 1 ) taken. They are as follows:
• SL -standard length (mm);
• BODYDEPTH -maximum body height;
• CAUDPEDDEPTH -minimum height of caudal peduncle;
• PREDORSDIST -predorsal distance;
• CAUDPDLENGTH -length of caudal peduncle;
• PREVENTDIST -pre-ventral distance;
• PREANALDIST -pre-anal distance;
• PVDIST -distance between pectoral and ventral fin insertions;
• VADIST -distance between ventral and anal fin insertions;
• DLENGTH -length of dorsal fin base;
• ALENGTH -length of anal fin base;
• ADEPTH -the distance from the insertion of the anal fin to the end point of the highest ray of anal fin; • PLENGTH -pectoral fin length;
• VLENTGTH -ventral fin length;
• HEADLENGTH -the distance from the tip of the snout to the ventral base of the largest opercula spine; • HEADDEPTH -head depth;
• MOUTHLENGTH -preorbital length;
• EYEDIAMETER -eye diameter. The values express a percentage of the standard length, with the exception of the head depth, mouth length and eye diameter, which count as a percentage of the head length. The mean values of each morphological character, as well as the confidence intervals (P < 0.05), were computed using descriptive statistics function with Systat 10.2. A multivariate approach, including factor analysis (FA) and discriminant analysis (DA), was applied for the morphometric assessment, using Systat 10.2. For DA, a linear discriminant analysis, using a backward stepwise method, based on Mahalanobis distances (developed by Fisher, 1936 , in Engelman, 2005 , was performed to establish the most relevant morphometric features that together discriminate the samples of G. baloni and G. cernua (Engelman, 2005) . MorfoJ 1.05f applies the geometric methods in this study (Klingenberg, 2011 ) and 16 landmarks are defined and also recorded as two-dimensional coordinates, using TPS Digitize (Rohlf, 2016a) , TPS Relative Warps (Rohlf, 2016b) , and TPS Utility (Rohlf, 2016c) software. The landmarks were selected to provide a homogeneous frame of the entire shape. The shape information was extracted by Procrustes superimposition, which removes variation in size, position and orientation from data on landmark coordinates (Klingenberg, 2011) .
The multivariate statistical analysis of body shape uses coordinates of the superimposed landmarks, and includes principal components analysis (PCA), discriminant analysis (DA), and canonical variate analysis (CVA) in order to address the main question: the current variability of the ruffe species populations from the Lower Danube River basin, around Mm80 area.
The geometric, statistical analysis provides necessary information regarding the fish body shape variation between groups. The interspecific study used the 49 ruffe individuals.
The statistical test is made using the MorphoJ software. After landmark data importing and shape information extracting with Procrustes superimposition (Klingenberg, 2011) , several techniques of multivariate tests data were used to analyse the substantiating patterns in the groups and among the variables. The PCA and CVA statistic tools allow the examination of the relationship among variables and cases in a single block of data (Heyman and Noble, 1989) .
RESULTS AND DISCUSSION
The morphological characters ( Fig. 1 ) obtained through body measurements of the three ruffe species, as well as the confidence intervals with 95% confidence level, are listed in table 1.
The standard body length of G. baloni individuals ranged between 61.72-107.71 mm (minimum -maximum values), the standard body length of G. cernua was 87.74-110 mm, and this of G. schraetser was 161.99-186.46 mm.
Discrimination between G. baloni and its more widespread congener G. cernua assessed by the univariate analysis indicated an overlapping of the ranges in some morphometric characters, except the body depth, length of the caudal peduncle, ventral-anal fin distance, length of dorsal base and eye diameter, which is consistent with references (Holčík and Hensel, 1974) .
The received results were compared to those published by other authors (Tabs. 2-4), with several studies made in recent years (Bănărescu, 1964; Holčík and Hensel, 1974 Our results were consistent with some authors (Tab. 2), however showed differences in some of the morphological features when compared with other scientifical researches (the body depth, predorsal distance, caudal peduncle length, preventral distance, and preanal distance). The body depth of G. baloni sampled from the Lower Danube River is smaller than the parameter measured on the holotype (Tab. 2) and smaller than other samples from the Danube River basin showing the specific phenotypic response to lotic habitat and unsteady swimming behaviour of fish. We can mention here the results of Foster et al. (2015) , which highlight the general influence of the body shape differences by different habitat types and adaptive phenotypic features in the sympatric species to relative environmental gradients. In the same way, as an adaptive answer of fish morphology to water flow regime and other ecological parameters, we recorded smaller values in Danube ruffe body characters than the holotype description for some biometric characters such as predorsal distance, preventral distance, preanal distance. These differences were not recorded by comparing measurements of the fish population sampled from Hungarian Danube River section (Tab. 2) and also to populations in the upper and middle basin of the Dnieper/Nistru River (Tab. 2).
A suggestive image of the morphological variation and relationship among species from the genus Gymnocephalus sampled from the Lower Danube River (Mm80), compared with results from the measurements of fish from the various Eurasian rivers obtained by different authors (Tabs. [2] [3] [4] was assessed by a hierarchical clustering single linkage method. The dendrogram of figure 2 displays the output of the hierarchical clustering, which represent the trees that put in evidence, the similarity, and dissimilarity between the results.
The cluster based on our results reveales a more advanced degree of morphological similarity of fish with data referring to fish sampled from the upper and middle Dniepr/Nistru Basin (Tabs. [2] [3] [4] and the Hungarian stretch of Danube River (Tabs. [2] [3] [4] . The distances between our results and the clusters of Danube ruffe holotype/paratype (Tab. 2) and widespread ruffe paratype (Tab. 3) are bigger (Fig. 2) .
The dendrogram sustains the identified dissimilarity between G. schraetser (according to data described by Bănărescu, 1964 The algorithm used was the single linkage clustering (nearest neighbour) with the Euclidean distance as a similarity measure.
Aco-variance matrix of the Procrustes coordinates of each sample is used to perform the PCA, and the first two components summarised 67.166%, which represent more than the half of total variance.
The scatter plot of PC scores from figure 3 displays the patterns in the relations between observations. PC1 separated G. schraetser (blue circle) from the other two studied species of interest while PC2 separated G. baloni (red circle) from G. cernua (green circle) ( Fig. 3 ). In order to have an optimised representation of the differences among groups, we performed a canonical variate analysis (CVA) that allows a different type of coordination analysis, which improves the separation of the specified groups (species/ecotypes; Klingenberg, 2011) . Figure 4 represents the shape changes associated with the canonical variate in the species from the genus Gymnocephalus in the Lower Danube. The scale factor for canonical variate (CV) shape changes is a unit of Mahalanobis distance of within-group shape changes (Klingenberg, 2011) . We observed the variation in the pairs of fin insertions, eye diameter, head length and body depth, which is in connection with the elongation degree of body shape. The CVA generated the matrices of farthest Mahalanobis distances between the groups of G. baloni and G. schraetser (18.3364) and the smallest distances between G. baloni and G. cernua (8.7875 ). The P-values from permutation tests (10.000 permutation rounds) for Mahalanobis distances among the groups were statistically significant (P < 0.05).
The CVA chart represents the scatter plot of the canonical variate scores, displaying the species differentiation. The figure 5 allows the description of the relationship among the specimens of the groups by plotting the sample centroids of 90% confidence ellipses of the first two canonical variates CV1 and CV2. The scale for CV shape changes is in units of Mahalanobis distance.
The statistical analysis of morphometric data is for G. baloni and G. cernua. The objective is in order to point out the phenotypic characters for reliable discrimination between these two species.
The performed factor analysis reveales the first three principal components sum up 59.267%, which means that the first three factors explain more than a half of the variance of all body variables (Fig. 6 ). Based on the variables with high loadings, it may be seen that PC1 includes the significant, positive contribution of the dorsal fin length, eye diameter, head depth and the negative contribution of the head length, mouth length, preanal, predorsal, preventral and preorbital distances (Fig. 6a ). In the same way, PC2 indicates the positive contribution of characters as the pectoral-ventral fin distance, ventral-anal fin distance, and preanal distance, and the negative contribution of the caudal peduncle length (Fig. 6b ). PC3 only reveales the positive contribution of the body depth, ventral length, anal fin length, and anal fin depth. We tested the differences between samples with T test. Table 5 notes the significant differences in the main characters of fish from the two groups (P < 0.05) as a character "S". Having in view the similarity between G. baloni and G. cernua, a multivariate test for a morphometric comparison between the collected samples from the Danube River population (sea mile 80 from Black Sea) is used to complete the data regarding the morphological variation in the ruffe species and assess its plasticity.
A linear discriminant analysis using a backward stepwise method allows establishment of the most relevant morphometric features of G. baloni and G. cernua that together discriminate between the two samples of the fish species.
The between groups F-matrix and analysis of the disparities between the groups and all the variables (Engelman, 2005) reveals the correct classification of the ruffe samples with the farthest distance between G. baloni and G. cernua (6.754).
The reliability assessment of the discriminant analysis of morphometric characters of fish from the two species, computed by Wilks' lambda statistical index (Engelman, 2005) proved a significant discrimination with an advanced degree of confidence (Wilks' lambda = 0.1514, prob = 0.00008, P < 0.05).
The F-to-remove statistics (Engelman, 2005 ) from table 6 allows us to conclude that 10 of the morphological characters are the most useful together for discriminating among the species (the head features, body depth, the distances between pectoral, ventral and respectively anal fins, and the lengths of fin bases). The classification matrix showed a high percentage of classification validation in all cases (100% correct classification).
Jackknife a form of cross-validation using a method of leaving out one case confirms the correct classification of the two sympatric ruffe species. The relative lower percent in the Jackknife panel (73% correct) could be attributed to the high number of predictors and small size of the ruffe samples.
The canonical scores plot generate the graphic with the confidence ellipse (P < 0.05) of each group, which is centred on the centroid of each group (Fig. 7) . Based on the body measurement values, the groups are distinct. 
CONCLUSIONS
The current paper completes the information regarding the body plasticity of the Danube ruffe (Gymnocephalus baloni) and its relationship with the other two species of the genus Gymnocephalus from the Lower Danube River.
We revealed a closer relationship between the population of Gymnocephalus baloni from the Lower Danube River and those from the middle stretch of the Danube River and the populations identified in rivers from the eastern part of Europe.
We found a closer phylogenetic relationship between the sister taxa G. cernua and Gymnocephalus baloni and a distance from Gymnocephalus schraetser, results that are consistent with some of previous studies.
Ten morphological characters are the most useful together for discriminating among the ruffe species from the Lower Danube River.
We also found a slightly less hydrodynamic body of Gymnocephalus baloni from the Lower Danube River comparing with the description of the holotype, which could be in connection with the phenotypic response of fish to environment.
